Introduction
The Standard Model (SM) of particle physics describes all known particles and their interactions except than gravity. The SM is the only minimal model which is in perfect consistency with all confirmed collider data despite it needs a missing ingredient, the Higgs boson or something else to give masses to the elementary particles. However, there are some problems such as origin of the matter in the universe, gauge and fermion mass hierarchy, number of generations, matter-antimatter asymmetry, unification, quantum gravity and so on, which can not addressed by the SM. Such problems show that the SM can not be the ultimate theory of nature and it can be considered as a low energy manifestation of some fundamental theories.
Models with extra dimensions (ED) [1] [2] [3] are among the most interesting candidates beyond the SM to overcome the aforementioned problems. A category of ED which allows the SM fields (both gauge bosons and fermions) propagate in the extra dimensions called the universal extra dimension (UED) model. The most simple example of the UED model also, where just a single universal extra dimension compactified on a circle of radius R is considered, is called the Appelquist, Cheng and Dobrescu (ACD) model [4] . The radius R is the extra parameter that causes the difference between SM and its beyond. The particles with momentum in extra dimension are called Kaluza-Klein (KK) particles. The mass of KK particles and their interaction with themselves as well as with the SM particles are described in terms of compactification scale, 1/R. One of the important property of the model is the conservation of KK parity that guarantees the absence of tree level KK contributions to low energy processes occurring at scales very smaller than the compactification scale [5] (for more information about the model see also [6, 7] ). The flavor changing neutral current (FCNC) transition of Λ b → Λℓ + ℓ − , which may be in the future program of the LHCb to study, lies in this scale. This transition is proceed via the FCNC transition of b → sℓ + ℓ − at loop level in SM via electroweak penguin and weak box diagrams, which are sensitive to new physics contributions. Looking for SUSY particles [8] , light dark matter [9] , probable fourth generation of the quarks, and also KK modes (extra dimensions ) [5] is possible by investigating such loop level transitions.
The aim of the paper is to find the effects of the KK modes on various observables related to the Λ b → Λℓ + ℓ − transition. These observables are total decay rate, branching ratio, forward-backward asymmetry, double lepton polarization asymmetries and polarization of
the Λ baryon. We analyze these observables in terms of the corresponding form factors as well as the compactification factor. From the electroweak precision tests, the lower limit for 1/R is obtained as 250 GeV if M h ≥ 250 GeV expressing larger KK contributions to the low energy FCNC processes like, Λ b → Λℓ + ℓ − , and 300 GeV if M h ≤ 250 GeV , respectively [4, 10] . We will consider the 1/R from 200 GeV up to 1000 GeV . We will use also the form factors obtained both using QCD sum rules in full theory, which they recently are available [11] and also those obtained in heavy quark effective theory (HQET) [12] . Using the values of the form factors, we present the sensitivity of these observables to the compactification parameter, 1/R. Note that, using the form factors obtained in HQET, the transitions, [15] have been analyzed in the same framework. The ACD model also has been applied to investigate some B and K mesons decays in [5] [6] [7] [16] [17] [18] [19] .
The layout of the paper is as follows. In next section, we introduce responsible Hamiltonian and present Wilson coefficients in UED model. We also present the transition matrix elements in terms of form factors responsible for Λ b → Λℓ + ℓ − transition in this section.
In section 3, we analyze the branching ratio, forward-backward asymmetry, double lepton polarization asymmetries and polarization of the Λ baryon in terms of the compactification factor, 1/R. In this section, using the form factors both from full theory and HQET, we also compare our results obtained both in the UED and SM models for each observable and discuss the results. Finally, we will present our concluding remark in section 4. 
Effective Hamiltonian
The Λ b → Λℓ + ℓ − transition is governed by the FCNC transition of the b → sl + l − at quark level and is described by the following effective Hamiltonian: R 2 . Similar to the mass of the KK particles, the functions, F (x t , 1/R) are also described in terms of the corresponding SM functions, F 0 (x t ) and functions in terms of the compactification factor, 1/R, [5] [6] [7] ).
In ACD model with a single universal extra dimension, the C ef f 7 (1/R) in leading log approximation is written as (see also [20] ): 
where the first and second arguments show the scale and dependency on the compactification parameters, 1/R, respectively and,
The functions, D ′ (x t , 1/R) and E ′ (x t , 1/R) are given as:
where,
and
with,
The remaining parameters in Eq. (2.3) are defined as: 12) where in fifth dimension, α s (m Z ) = 0.118 and β 0 = . The coefficients a i and h i are given as [21, 22] : The Wilson coefficient C 10 is given as: 14) where, sin 2 θ W = 0.23 and,
with, 16) and,
Finally, we consider the Wilson coefficient, C ef f 9 . It can be written in leading log approximation as [21, 22] :
here, NDR stands for the naive dimensional regularization scheme. We neglect the last term in this equation since due to the order of P E , the contribution of this term is negligibly small. The P N DR 0 = 2.60 ± 0.25 [21, 22] and the function, Z(x t , 1/R) is defined as:
with, 23) and at µ b scale,
where k ji are given as: The remaining functions in Eq. (2.18) are also given as: and,
Numerical results show that the Wilson coefficients in UED differ from their SM values, considerably. In particular, the C 10 is enhanced and the C ef f 7
is suppressed (for more details see [20] [21] [22] ).
Transition Matrix Elements and Form Factors
The decay amplitude of the Λ b → Λℓ + ℓ − is obtained sandwiching the aforementioned effective Hamiltonian between the initial and final baryonic states. As a result, the transition
are appeared. In full theory of QCD, they can be parametrized in terms of twelve form factors, f i , g i , f 
These form factors have been recently calculated in [11] using light cone QCD sum rules in full theory.
On the other hand, the aforesaid transition matrix elements in HQET is defined in terms of only two form factors, F 1 and F 2 as [23, 24] :
where Γ denotes any Dirac matrices, v = ( p + q)/m Λ b and the form factors, F 1 (q 2 ) and
have been calculated in [12] . Comparing the definitions of the transition matrix elements both in full and HQET theories, one can easily find relations among the form factors mentioned above (see [11, 25, 26] ).
3 Some Observables Related to the
Branching Ratio
Using the decay amplitude discussed in the previous section, the angular and 1/R dependent differential decay rate can be written as (see [14, 27, 28] ):
where z = cos θ, θ being the angle between the momenta of Λ b and ℓ − in the center of mass
The functions, T 0 (ŝ, 1/R), T 1 (ŝ, 1/R) and T 2 (ŝ, 1/R) are given as (see also [11] ):
33)
34)
36) . Integrating out the angular dependent differential decay rate, the following dilepton mass spectrum is obtained:
Integrating also the above equation overŝ in the allowed physical region, 771 GeV , we present the dependence of branching ratios on compactification factor, 1/R in Fig. 1 . From this figure, we deduce the following results:
• There is considerable discrepancy between the predictions of the ACD and SM models for low values of the compactification factor, 1/R. As 1/R increases, this difference • As it is expected, an increase in the lepton mass ends up in a decrease in the branching ratio.
• The order of magnitude of the branching ratio shows a possibility to study such channels at the LHC.
• The Λ b → Λℓ + ℓ − transition is more probable, specially for τ case, in full theory in comparison with HQET.
Forward Backward Asymmetry
The lepton forward-backward asymmetry is one of the promising tools in looking for new physics beyond the SM such as extra dimensions. This asymmetry is defined as:
where N f is the number of events that particle is moving "forward" with respect to any chosen direction, while N b is the number of events for particle motion in "backward" direction. The forward-backward asymmetry A F B (ŝ, 1/R) is defined in terms of the differential decay rate as: glance at these figures leads to the following results:
• The A F B is approximately the same for e and µ and about 2-2.5 times greater than that of τ case.
• As far as HQET is considered, there is considerable discrepancy between the predictions of the ACD and SM models for low values of 1/R. As 1/R increases, this difference starts to diminish and at 1/R ≃ 1000 GeV , the two models have approximately the same results. In full theory, two models have approximately the same predictions for all leptons and all 1/R values.
• For all leptons, the forward-backward asymmetries show considerable differences between the full theory and HQET predictions.
Λ Baryon Polarizations
The definitions for polarizations of Λ baryon in Λ b → Λℓ + ℓ − channel are given in [30] .
Using those definitions, the 1/R-dependent normal (P N ), transversal (P T ) and longitudinal (P L ) polarizations of the Λ baryon in the massive lepton case are found as (for the general model independent case see [26, 31] ): where,
For instance, we show the dependence of the P N and P T polarizations of the Λ baryon on compactification factor at a fixed value ofŝ = 0.5 in Figs. 3 and 4 , respectively. From these figures, we infer the following information:
• In the case of P N and all leptons, we observe a (25-35)% HQET violations. This violation is very small for the transverse polarization of the Λ.
• The UED predictions deviate considerably from the SM results in the case of P T
and small values of the compactification factor. This deviation is small for the P N compared to the P T . In the case of τ and HQET, two models have approximately the same predictions for the normal polarization.
Double Lepton Polarization Asymmetries
The double lepton polarization asymmetries related to the Λ b → Λℓ + ℓ − transition are defined in [32] for general model independent form of the effective Hamiltonian. In our case, in the rest frame of ℓ ± , the 1/R-dependent double longitudinal, transverse and normal asymmetries are obtained as (see also [33, 34] ): • In all cases, there are substantial differences between predictions of the ACD and SM models in low values of the compactification parameter, 1/R.
• We observe overall considerable differences between predictions of the full QCD and HQET for double lepton polarization asymmetries.
• All polarization asymmetries have the same sign for all leptons except the P T T , which predicts a different sign for τ compared to the e and µ. In the case of e and µ and HQET, the P N N changes its sign around 1/R = 600 GeV . In P N N , the full QCD predicts different sign for the ACD and SM models for these two leptons although the SM results are very small. uncertainties of the form factors are taken into account. The red bands in these figures belong to the full theory and they are obtained considering the errors of the form factors presented in [11] , while the blue bands correspond to the HQET and they are obtained using the errors of the form factors presented in [12] . Here, we should stress that the reported errors of the form factors in HQET are small comparing those presented in full QCD, hence the HQET bands are narrow comparing to the full theory bands. From figure 10 , we see a significant difference between the predictions of two theories for τ case, while in the µ case, the HQET band lies inside the full QCD region. In the case of A F B in figure 11 , we see also considerable difference between delimited regions of full and HQET theories for both leptons. In the case of µ and P T T and P T polarizations (see figures 12 and 13), predictions of the HQET lie inside the full theory bands, but in the case of τ and P T T , the band of HQET is out of the band of full theory but very close to it. In P T polarization and τ , two bands partly coincide with each other.
Conclusion
We analyzed the branching ratio, forward-backward asymmetry, double lepton polarization asymmetries and polarization of the Λ baryon for the channel, Λ b → Λℓ + ℓ − in the universal extra dimension scenario using the form factors obtained from both full QCD and HQET. 
